
G
P

Q
&

A

E
le

na
G

er
ch

te
in

,D
m

it
ry

L
it

vi
nt

se
v,

P
at

ri
ck

L
uk

en
s

N
ov

em
be

r
1,

20
04

G
P

m
ee

ti
ng



Q
1

Q
“T

he
co

rr
es

po
nd

in
g

in
te

gr
at

ed
lu

m
in

os
ity

is
ab

ou
t

22
0

pb
� 1 ,

no
ru

n
qu

al
ity

se
le

ct
io

n
ha

s
be

en
ap

pl
ie

d.
”

H
o

w
ab

ou
t

va
lid

be
am

lin
es

A
Ξπ

� an
d

Ξ
nt

up
le

s
co

nt
ai

n
on

ly
va

lid
S

V
X

be
am

lin
es

ht
em

p
E

nt
rie

s 
 6

95
02

86

M
ea

n 
 

 1
.0

00
0

R
M

S
   

 -
0.

00
00

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

3
x1

0
ht

em
p

E
nt

rie
s 

 6
95

02
86

M
ea

n 
 

 1
.0

00
0

R
M

S
   

 -
0.

00
00

sv
x_

be
am

�N ∑ i

� 1
i

� 2
20

� p
b

� 1

w
he

re
i
is

th
e

in
te

gr
at

ed
lu

m
in

os
ity

of
i-t

h
ru

n
in

th
e

Ξ
nt

up
le

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

2



Q
2

Q
Yo

u
us

e
χ2 r

� φ.
F

or
di

sp
la

ce
d

Λ
s

an
d

Ξ
it

m
ay

m
ak

e
se

ns
e

to
us

e

fu
ll

3-
D

χ2 .

A
W

e
us

e
lo

os
e

χ2 r

� φ
on

Λ
an

d
no

χ2 r

� φ
cu

t
on

Ξ
to

re
ta

in
as

m
uc

h
si

gn
al

as
po

ss
ib

le
,e

sp
ec

ia
ll

y
as

th
es

e
w

ou
ld

be
th

e
cu

ts
ap

pl
ie

d
at

th
e

in
iti

al
sa

m
pl

e
se

le
ct

io
n

st
a

g
e,

an
d

ap
pl

y
on

ly
fin

al
χ2 r

� φ
on

Ξπ
fit

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

3



Q
3

Q
Yo

u
cl

ai
m

σ

�� 5

� 8

� 0

� 5

� M
eV

� c2 .
W

hy
do

yo
u

us
e

10
M

eV
� c2

bi
n

hi
st

og
ra

m
?

W
ha

t
ha

pp
en

s
if

yo
u

re
-b

in
th

e
hi

st
og

ra
m

to
be

A
N

at
ur

al
w

id
th

of
Γ

� Ξ

� 15
30

��
� 9

� 1
M

eV

� c2 ,
so

se
em

ed
re

as
on

-
ab

le
.

F
its

W
ith

si
m

pl
e

G
au

ss
ia

ns
:

xi
_p

i_
2

E
nt

rie
s 

 1
19

56
3

M
ea

n 
 

 1
.8

39
9

R
M

S
   

 0
.2

09
4

 / 
nd

f 
2 χ

 6
1.

55
75

 / 
67

P
ro

b 
 

 0
.6

64
8

E
nt

rie
s 

 
 7

9.
83

58
±	

 1
79

1.
28

14
 

bi
nw

id
th

 
 0

.0
00

0
±

 0
.0

10
0 

si
gm

a 
   

 0
.0

00
4

±
 0

.0
08

7 
G

am
m

a 
   

 0
.0

00
0

±
 0

.0
00

0 
M

as
s 

   
 

 0
.0

00
4

±
 1

.5
32

0 
p5

   
   

 
 3

0.
07

49
±

 2
27

5.
76

56
 

p6
   

   
 

 0
.1

16
9

±
 -

1.
83

32
 

p7
   

   
 

 0
.4

17
4

±
 1

.5
41

4 
p8

   
   

 
 0

.3
99

3
±	

 -
0.

23
68

 

]2
[G

eV
/c

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2
N / 10 MeV/c

0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

xi
_p

i_
2

E
nt

rie
s 

 1
19

56
3

M
ea

n 
 

 1
.8

39
9

R
M

S
   

 0
.2

09
4

 / 
nd

f 
2 χ

 6
1.

55
75

 / 
67

P
ro

b 
 

 0
.6

64
8

E
nt

rie
s 

 
 7

9.
83

58
±	

 1
79

1.
28

14
 

bi
nw

id
th

 
 0

.0
00

0
±

 0
.0

10
0 

si
gm

a 
   

 0
.0

00
4

±
 0

.0
08

7 
G

am
m

a 
   

 0
.0

00
0

±
 0

.0
00

0 
M

as
s 

   
 

 0
.0

00
4

±
 1

.5
32

0 
p5

   
   

 
 3

0.
07

49
±

 2
27

5.
76

56
 

p6
   

   
 

 0
.1

16
9

±
 -

1.
83

32
 

p7
   

   
 

 0
.4

17
4

±
 1

.5
41

4 
p8

   
   

 
 0

.3
99

3
±	

 -
0.

23
68

 

xi
- 

pi
+ 

(a
nd

 c
.c

)

)+ πΞ
M

(

  4
02

.6
   

 / 
  3

59
P

1
  1

79
9.

  7
4.

16
P

2
  7

.9
53

 0
.4

37
5

P
3

 0
.0

00
0E

+
00

 0
.0

00
0E

+
00

P
4

  1
.5

32
 0

.3
54

8E
-0

3
P

5
 0

.2
38

5E
+

06
  2

78
2.

P
6

-0
.2

71
3E

+
06

  8
36

5.
P

7
-0

.1
59

0E
+

06
  4

90
0.

P
8

 0
.3

51
8E

+
06

 0
.1

78
2E

+
05

P
9

 0
.0

00
0E

+
00

 0
.0

00
0E

+
00

P
10

  8
.0

00
 0

.0
00

0E
+

00
P

11
  1

.8
62

 0
.0

00
0E

+
00

M
(Ξ

π)
   

   
   

   
   

   
   

   
   

 (
G

eV
/c2 )

N / 2 MeV/c
2

0

10
0

20
0

30
0

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2
2.

1
2.

2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

4



Q
4

Q
U

pp
er

Li
m

it
de

te
rm

in
at

io
n

ta
ki

ng
in

to
ac

co
un

t
er

ro
rs

on
m

as
s

an
d

w
id

th

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

5



A
W

e
re

-d
id

up
pe

r
lim

it
de

te
rm

in
at

io
n

us
in

g
un

bi
nn

ed
lik

el
ih

oo
d

fit
.

W
e

m
in

im
iz

ed
:

F

� �

2
ln



�

��
 α

� �N ∑ i

ln
f

� x i

�
 α

� �

� G
C

� m

� �

G
C

� σ

�
w

he
re

��
 α

� �

b

a
f

� x

�
 α

� d
x,

a
an

d
b

ar
e

in
te

gr
at

io
n

lim
its

(1
.4

an
d

2.
2)

an
d

f

� x i

�
 α

�
� G

� B
W

� x i

� σ 1

� Γ�

M
1

� �

� G

� x i

� σ 2

� M 2

� �
� � x i

�� M
Ξ

� M
π

����
3 ∑ j

� 0� x i

�� M
Ξ

� M
π

�� j

an
d

G
C

� M
� �

0
� 5�

� M
2

� 1� 8
62

0

� 00
2

� 2

G
C

� σ

� �

0

� 5�
� σ 2

� 0� 0
08

0

� 00
12

� 2

ar
e

G
au

ss
ia

n
co

ns
tr

ai
nt

s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

6



Q
4

(c
on

t)

�� ���
���� 
 �!
"

�#$ %
%&
' #( )

* +
( +,
* �
�$ �-
.#'
.)
  !
�( //
*

�0!
� +
$ +
( /

.)% �
1 "02
. �1 3

* +#
( +
.' 4 �
 

.##
$ #%
( +#&
5(
�� ,#
( +
.

.5+
6( #
( %
.+
.#

* +
.6

�&#
* +

�$
"

�( %
.

-
( /,
.

.##
$ #

* &
7.

).#&
-
( +&-
.

�
��

�22
� "1

8� "8��

1 "3�
1�!

1 "!2
� 0
. �1
8

 

* &
'�

1 "9 
8 �
. �1 

1 "312 
3
. �1
9
1 "�!
810
. �10
1 "�!0
39

9
'( %%
(

1 "!
�1
11
. �1 

:; <
=> ? <
>

0
%�

� "39
�8

1 "911 32
. �1
9
1 "�
9 !
1 . �
10
�1 "2 
3�
� .
�1�

3

(1

1 " 
3!
8!
. @1�

991
1 "!

  
"91�

1 " 0
8!�
. �1
8

�

(�

�1 "0
88 3 
. @1�
 
12 
8 "

0�
"!

80

1 " 0 
�2
. �12

8
( 

1 "92�
9�
. @1�
0!0
�0
"

�
8 "��!

1 "�0
19�
. �1
8

2

(9

�8102
9 "

0
1 38
� "

�1
1 "��

�1 "9�! 
� .
�12

!

� 

3!
"�� 

31
"!0

�

 
"199

9

�1 "0� 
8 
. �10

�1
* &
' 

1 "2
10
1�
. �1 

1 "��!
33
. �1 

1 "� 0
�!
. �1
9
� " �
11

��
% 

� "2� 
�

1 "�!
819
. �1 

1 "�1
9 3!
. �1 

1 "82
1�!

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

7



Q
4

(c
on

t)

M
(Ξ

π+
) 

   
   

   
   

   
   

  (
G

eV
/c2 )

N / 5 MeV/c
2

0

20
0

40
0

60
0

80
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

8



Q
4

(c
on

t)

AB CED
FGHHI
JKML
N
AOP Q
QR
S OT U
V WT WX
V D
BP CY
ZOS
ZU
[\ N
BT ]]
V
[I
K I
WP W
T ]

ZUQ D
I L
^G Z
FI
K
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

V WZ
a

ARO
V W

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

V R
bZ
UZOR
Y
T WRY
Z

[
C[

F\^ L
JKK

K G L
[\I

J[ L
c [G
I L
[K ^
G NZ
FI
^

J
V R
S[
I L
HI
^J^
Z FI
JI
L[

JI
NI
Z FI
JI
LNH

JJJ
Z FI
^
[ LN
ccc

^
Q[

[ LH\
[J
I L
JI
NN\
Z FI
JI
LG

K \G
G Z FI
^
[ LK
GI\

K
T I

I L
JI\
^c Z dI
\
[HH\
Lc

JKK L
J^
I L
[c G
[[ Z
FI
N

N
T [

FI L
JHI
[c Z dI
\
c G N
KMLK

K \K L
K [
I L
[[c
[G Z
FI
N

\

T J

I L
[I
Nc G
Z dI\
[ NI\I
L

c NI L
H^
I L
H^
[\H
Z FI\

c
T ^

\J
cK G L

[ NG
[ N L

[[[\
LG

I L
N[HI
c Z FI
\

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

9



Q
4

(c
on

t)

M
(Ξ

π- ) 
   

   
   

   
   

   
  (

G
eV

/c2 )

N / 5 MeV/c
2

0

10
0

20
0

30
0

40
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

10



Q
5

Q
N

um
be

r
of

ca
nd

id
at

es
/e

ve
nt

an
d

ho
w

to
ha

nd
le

th
em

A
N

um
be

r
of

ca
nd

id
at

es
pe

r
ev

en
t

fo
r

1

� 5

e M

� Ξπ
�
e 2

� 8
m

ul
t_

rs
E

nt
rie

s 
 3

12
26

M
ea

n 
 

 3
.3

14
7

R
M

S
   

 2
.0

45
4

0
2

4
6

8
10

12
14

16
18

0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

m
ul

t_
rs

E
nt

rie
s 

 3
12

26

M
ea

n 
 

 3
.3

14
7

R
M

S
   

 2
.0

45
4

m
ul

t_
rs

m
ul

t_
w

s
E

nt
rie

s 
 3

02
92

M
ea

n 
 

 3
.1

08
0

R
M

S
   

 1
.9

91
1

0
2

4
6

8
10

12
14

16
18

0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

m
ul

t_
w

s
E

nt
rie

s 
 3

02
92

M
ea

n 
 

 3
.1

08
0

R
M

S
   

 1
.9

91
1

m
ul

t_
w

s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

11



Q
5

(c
on

t)

●
N

um
be

r
of

ca
nd

id
at

es
/e

ve
nt

vs
m

as
s,

no
sp

ik
es

m
c_

vs
_m

as
s_

rs

E
nt

rie
s 

 0

M
ea

n 
 

 2
.1

30
0

R
M

S
   

 0
.3

86
9

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

2.
6

2.
8

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

m
c_

vs
_m

as
s_

rs

E
nt

rie
s 

 0

M
ea

n 
 

 2
.1

30
0

R
M

S
   

 0
.3

86
9

m
c_

vs
_m

as
s_

rs
m

c_
vs

_m
as

s_
_w

s

E
nt

rie
s 

 0

M
ea

n 
 

 2
.1

30
2

R
M

S
   

 0
.3

86
9

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

2.
6

2.
8

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

m
c_

vs
_m

as
s_

_w
s

E
nt

rie
s 

 0

M
ea

n 
 

 2
.1

30
2

R
M

S
   

 0
.3

86
9

m
c_

vs
_m

as
sw

s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

12



Q
5

(c
on

t)

●
C

ho
os

e
ra

nd
om

ly
on

e
ca

nd
id

at
e

pe
r

ev
en

t,
Ξπ

f

AB CED
F^[\
\H
^ LJ
AOP Q
QRC
PV
V WT WX
V D
V X
BB Z
VV AX
]
^^c
[B
T ]]
V
K H NI
WP W
T ]

ZUQ D
I L
[ NZ
FI
N
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

aT O
T gP ]R
B

QRC
PV
ZOO
P OV

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

CZ
ST WRY
Z

aPV R
WRY
Z

[
C[

\c \
Lc

G

K ^ L
G[c

FK \ L
J\K

Kc L\
HK

J
V R
S[
I L
^I
K ^c
Z FI
JI
Lc H

^[J
Z FI
^
FI L
HH
JGH
Z FI
^I
LH\

[c ^
Z FI
^

^
ST QQ
T
I L
G[III
Z FI
J
hi j
kl m j
l

K
Q[

[ LN
^J[
I L
KcK
G^ Z
FI
^
FI L
K HK
K I
Z FI
^I
LK

cK JI
Z FI
^

N
T I

H\
K ^G L

[H^H
LJ

F^[
^K LH

^[ N
J L\

\
T [

FI L
JI
Nc ^
Z dI\
[[ N
[I L

FJ\
^ N[ L

J\JH
c L

c
T J

I L
J\c
[\ Z dI
\
Jc [
cc L

F\\
K JJ L

\\
K HH L

H
T ^

FI L
[^ N
K G Z dI
\
JJJ
[\ L

FN[
[HG L

N[[
Gc L

G
CJ

I L
JJK
[K

Jc L
GI
N

FJc L
N\ N

JH L
c G[

[I

V R
SJ
I L
HII
[I
Z FI
JI
L[

JIH
^ Z FI
J
FI L
[JI
c \ Z
FI
JI
L[

JI
c G Z
FI
J

[[
QJ

[ LH\
JI

I L
JI
[KK
Z FI
J
FI L
JII
c \ Z
FI
JI
LJI

[HJ
Z FI
J

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

13



Q
5

(c
on

t)

M
(Ξ

π+
) 

   
   

   
   

   
   

  (
G

eV
/c2 )

N / 5 MeV/c
2

0

10
0

20
0

30
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

14



Q
5

(c
on

t)

●
C

ho
os

e
ra

nd
om

ly
on

e
ca

nd
id

at
e

pe
r

ev
en

t,
Ξπ

n

AB CED
FJH\
\ N
N LH

AOP Q
QRC
PV
V WT WX
V D
V X
BB Z
VV AX
]
[HK
JB
T ]]
V
JH[I
WP W
T ]

ZUQ D
I L
^\ Z
FI
N
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

aT O
T gP ]R
B

QRC
PV
ZOO
P OV

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

CZ
ST WRY
Z

aPV R
WRY
Z

[
C[

F^[ L
cK ^

J\ L
cc H

FJ\ L
NGJ

Jc L
Kc J

J
V R
S[
I L
c HJ
G^ Z
FI
JI
L[

JIH
[ Z FI
J
FI L
[JII
c Z FI
JI
L[

J[I\
Z FI
J

^
Q[

[ LH\
[\

I L
[G^I
\ Z
FI
J
FI L
[G[
[I
Z FI
JI
L[

GK H
NZ FI
J

K
T I

c [K H
\ L

[^c \
L^

FJK H
G Lc

J NI
^ LN

N
T [

FI L
[[\\
[ Z dI
\
HJ
K ^ L
G

FJJ
NI
N L

JJ N
^[ L

\

T J

GII
\J L

[Gc H
H L

FNG
NK I L

NGJ\
N L

c
T ^

FJ^
c NG L

[c [\
N L

FK \H
NI L

Kc [
JI L

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

15



Q
5

(c
on

t)

M
(Ξ

π- ) 
   

   
   

   
   

   
  (

G
eV

/c2 )

N / 5 MeV/c
2

05010
0

15
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

16



Q
5

(c
on

t)

●
C

ho
os

e
ca

nd
id

at
e

w
ith

m
in

im
um

χ2 r

n φ,
Ξπ

f

AB CED
F^^
K Gc
[ L[
AOP Q
QRC
PV
V WT WX
V D
V X
BB Z
VV AX
]
NH\
K B
T ]]
V
c \ N
[ W
P WT ]

ZUQ D
I L
c G Z
FI\
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

aT O
T gP ]R
B

QRC
PV
ZOO
P OV

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

CZ
ST WRY
Z

aPV R
WRY
Z

[
C[

\c H
LI

K

K ^ L
K [K

FK \ L
N[[

K H L
[H^

J
V R
S[
I L
J^[I
\ Z
FI
JI
LG

G[ N
^ Z FI
^
FI L
[[^
c NZ
FI
JI
LGH

\J
G Z FI
^

^
ST QQ
T
I L
G[III
Z FI
J
hi j
kl m j
l

K
Q[

[ LN
^JI

I L
K ^[
[I
Z FI
^
FI L
K ^ NH
^ Z FI
^I
LK

^[ N
^ Z FI
^

N
T I

H\
J N\ L

[J^
^ LJ

F^[
GG LH

^J[
c LK

\
T [

FI L
[\J\
c Z dI
\
K HJ
^ L^

FJc I
^[ L

J\G
J N L

c
T J

I L
[^ N
G NZ dI
\
H N
c N L\

F\H
[J^ L

\H
^J[ L

H
T ^

F^J
K ^KML

G[\
[ LG

FNJ\
J\ L

NJ N
JJ L

G
CJ

JKML\
H\

JH L
GII

FJG LI
\c

JG L
c J^

[I

V R
SJ
I L
c G NI
c Z FI
JI
L[

[G[
J Z FI
J
FI L
[[HHI
Z FI
JI
L[

[GK
[ Z FI
J

[[
QJ

[ LH\
J^
I L
[GH
Nc Z
FI
J
FI L
JII
NG Z
FI
JI
L[

Gc ^
NZ FI
J

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

17



Q
5

(c
on

t)

M
(Ξ

π+
) 

   
   

   
   

   
   

  (
G

eV
/c2 )

N / 5 MeV/c
2

0

10
0

20
0

30
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

18



Q
5

(c
on

t)

●
C

ho
os

e
ca

nd
id

at
e

w
ith

m
in

im
um

χ2 r

n φ,
Ξπ

n

AB CED
FJH
[\K I
LG

AOP Q
QR
S OT U
V WT WX
V D
BP CY
ZOS
ZU
[Hc
BT ]]
V

G^I
WP W
T ]

ZUQ D
I L
JJ Z
FI\
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

V WZ
a

ARO
V W

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

V R
bZ
UZOR
Y
T WRY
Z

[
C[

F[H LI
J[

Jc LII
\

\ L
NGH\

I L
Hc
NK I
Z FI
N

J
V R
S[
I L
c HG
[G Z
FI
JI
L[

JJH
G Z FI
JI
L^

[\c
G Z FI
^
FI L
^ NG
NN

^
Q[

[ LH\
[H

I L
[Gc \
G Z FI
JI
LNI

K \H
Z FI
^I
L[

KK ^\

K
T I

\GI
\[ L

[I
c N L
[

c ^ L\
J[
I L
J^K
c J Z
FI
c

N
T [

FI L
[I
K ^K
Z dI\
KK H
^ LK

[^G L
HJ

FI L
J^HI
c Z FI
c

\

T J

\ N
K HJ L

H^
NH L\

JJH L
Nc
I L
J N^
J^ Z
FI
c

c
T ^

FHI
^J LH

Hc
GG LI

^ NI LI
N

FI L
H\
cc G
Z FIH

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

19



Q
5

(c
on

t)

M
(Ξ

π- ) 
   

   
   

   
   

   
  (

G
eV

/c2 )

N / 5 MeV/c
2

05010
0

15
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

20



M
C

W
id

th
s

&
R

cu
ts

●
G

en
er

at
ed

F
A
K
E
E
V
E
N
T

,fl
at

p T
pe

nt
aq

ua
rk

s
(Ξ

c)
w

ith
fo

r
m

as
se

s
–

1.
53

2,
1.

69
6,

1.
86

2,
2.

02
7.

F
ul

l
S

im
ul

at
io

n,
cd

fs
of

t2
4.

11
.2

.
●

T
he

pr
od

uc
ed

p T
is

w
ei

gh
te

d
to

m
at

c
h

th
e

da
ta

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

21



M
C

W
id

th
s

&
R

cu
ts

]2
[G

eV
/c

1.
60

1.
65

1.
70

1.
75

1.
80

2
N / 5 MeV/c

0

10
0

20
0

30
0

40
0

50
0

π 
Ξ

(1
69

6)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

]2
[G

eV
/c

1.
60

1.
65

1.
70

1.
75

1.
80

2
N / 5 MeV/c

0

10
0

20
0

30
0

40
0

50
0

)π,
Ξ

M
(

σ

� 7�

9

o 0

� 1M
eV

p c2

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

2.
2

N / 0.2

0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

π 
Ξ

(1
69

6)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

 R
∆ 

Ξ
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0
1.

2
1.

4
1.

6
1.

8
2.

0
2.

2

N / 0.2

0

10
0

20
0

30
0

40
0

50
0

60
0

70
0

π 
Ξ

(1
69

6)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

 R
∆ π

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

22



M
C

W
id

th
s

&
R

cu
ts

]2
[G

eV
/c

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2
N / 5 MeV/c

020406080

π 
Ξ

(1
86

2)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

]2
[G

eV
/c

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2
N / 5 MeV/c

020406080

)π,
Ξ

M
(

σ

� 10

� 1

o 0

� 4M
eV

p c2

de
lta

R
1

E
nt

rie
s 

 3
90

M
ea

n 
 

 0
.1

04
6

R
M

S
   

 0
.0

30
0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

N / 0.2

11010
2

de
lta

R
1

E
nt

rie
s 

 3
90

M
ea

n 
 

 0
.1

04
6

R
M

S
   

 0
.0

30
0

π
Ξ

(1
86

2)
->

Ξ
F

A
K

E
_E

V
E

N
T

   

 R
∆ 

Ξ

de
lta

R
2

E
nt

rie
s 

 3
90

M
ea

n 
 

 0
.2

98
5

R
M

S
   

 0
.1

97
2

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

11010
2

de
lta

R
2

E
nt

rie
s 

 3
90

M
ea

n 
 

 0
.2

98
5

R
M

S
   

 0
.1

97
2

π
Ξ

(1
86

2)
->

Ξ
F

A
K

E
_E

V
E

N
T

   

 R
∆ π

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

23



M
C

W
id

th
s

&
R

cu
ts

]2
[G

eV
/c

1.
80

1.
85

1.
90

1.
95

2.
00

2.
05

2.
10

2.
15

2.
20

2
N / 5 MeV/c

02040608010
0

12
0

14
0

π 
Ξ

(2
02

7)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

]2
[G

eV
/c

1.
80

1.
85

1.
90

1.
95

2.
00

2.
05

2.
10

2.
15

2.
20

2
N / 5 MeV/c

02040608010
0

12
0

14
0

)π,
Ξ

M
(

σ

� 12

� 6

o 0

� 3M
eV

p c2

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

2.
2

N / 0.2

0

10
0

20
0

30
0

40
0

50
0

60
0

π 
Ξ

(2
02

7)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

 R
∆ 

Ξ
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0
1.

2
1.

4
1.

6
1.

8
2.

0
2.

2

N / 0.2

05010
0

15
0

20
0

25
0

π 
Ξ

(2
02

7)
->

Ξ
F

A
K

E
_E

V
E

N
T

 

 R
∆ π

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

24



R

e 0

� 7

●
∆R

1

q 0

� 7a
nd

∆R
2

q 0

� 7Ξ
π

f

AB CED
FHK H
NG^ L
N
AOP Q
QRC
PV
V WT WX
V D
V X
BB Z
VV AX
]
^ N[
K B
T ]]
V
K GG
^ W
P WT ]

ZUQ D
I L
[J Z
FI
K
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

aT O
T gP ]R
B

QRC
PV
ZOO
P OV

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

CZ
ST WRY
Z

aPV R
WRY
Z

[
C[

[HI
[ Lc

cKMLI
KK

Fc H L
NH N

HI LI
Kc

J
V R
S[
I L
JG\
JH Z
FI
JI
LNI

H[H
Z FI
^
FI L
NJ\\
NZ FI
^I
LN

[c G
G Z FI
^

^
ST QQ
T
I L
G[III
Z FI
J
hi j
kl m j
l

K
Q[

[ LN
^[c
I L
JGH
GG Z
FI
^
FI L
JGG
^K Z
FI
^I
LJ

GG\
J Z FI
^

N
T I

I L
Jc II
[ Z dI
\
Jc H
c L\

FN^
G\ L
[

NK [
K LK

\
T [

FI L
N[[
c H Z dI
\
[\J
[ N L

FK ^
^KK L

K ^J
G[ L

c
T J

GKc
N^ L

^H^
GH L

FI L
[I
NII
Z dI\
I L
[I
NI
^ Z dI
\

H
T ^

I L
JJ N
NI
Z dI\
^[ N
GG L

Fc H
[ N^ L

c H[
G\ L

G
CJ

[J L
[ Nc

K ^ LI
GG

FK ^ L
Kc ^

KK L
JJI

[I

V R
SJ
I L
c GG
Jc Z
FI
JI
L[

JI
[H Z
FI
J
FI L
[JI
JG Z
FI
JI
L[

JII
G Z FI
J

[[
QJ

[ LH\
JI

I L
[GG
Gc Z
FI
J
FI L
[GG
GJ Z
FI
JI
LJII

I\
Z FI
J

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

25



R

e 0

� 7

M
(Ξ

π+
) 

   
   

   
   

   
   

  (
G

eV
/c2 )

N / 5 MeV/c
2

0

20
0

40
0

60
0

80
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

26



Q
7

tr
ac

k
re

fit

Q
re

-fi
t

de
ca

y
pi

on
ac

co
rd

in
g

to
st

an
da

rd
pr

oc
ed

ur
es

AB CED
F[[H
JKK
c L

AOP Q
QRC
PV
V WT WX
V D
V X
BB Z
VV AX
]
^JH
^B
T ]]
V
K HG
[ W
P WT ]

ZUQ D
I L
NK Z
FI
N
V WO
T WZ
S _ D
J

ZOO
P OQ
T WOR
`T
BB XO
T WZ

Z`W
aT O
T QZW
ZO

aT O
T gP ]R
B

QRC
PV
ZOO
P OV

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

CZ
ST WRY
Z

aPV R
WRY
Z

[
C[

[GJ
K L^

cc L
K Nc

FHJ L
KK ^

H^ L
\[
^

J
V R
S[
I L
^\ N
NI
Z FI
JI
LK

G[G
J Z FI
^
FI L
NI\
[I
Z FI
^I
LNI

J\J
Z FI
^

^
ST QQ
T
I L
G[III
Z FI
J
hi j
kl m j
l

K
Q[

[ LN
^J[
I L
^[ N
[K Z
FI
^
FI L
^[K
[^ Z
FI
^I
L^

[ NGH
Z FI
^

N
T I

I L
J\\
JH Z dI
\
JGG
KMLG

FN\
c J LH

Nc J
J LK

\
T [

FI L
NI
K HH
Z dI\
[\^
c G L

FK H
[c \ L

Kcc \
[ L

c
T J

I L
K ^GH
J Z dI
\
^\c
K J L

FI L
[J[I
J Z dI
\
I L
[J[
GJ Z dI
\

H
T ^

FI L
[I\
Kc Z dI
\
^[ N
GJ L

FGK I
c \ L

G^K H
N L

G
CJ

N^ L
[I
[

NJ L
NG^

FN[ L
HG
[

NK L
^Kc

[I

V R
SJ
I L
H[\
^^ Z
FI
JI
L[

[GJ
K Z FI
J
FI L
[[G
K \ Z
FI
JI
L[

[HH
NZ FI
J

[[
QJ

[ LH\
JI

I L
JI
J[[
Z FI
J
FI L
JI
JK ^
Z FI
JI
LJI

[c J
Z FI
J

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

27



Q
7

(c
on

t)

M
(Ξ

π+
) 

   
   

   
   

   
   

  (
G

eV
/c2 )

N / 5 MeV/c
2

0

20
0

40
0

60
0

80
0 1.

4
1.

6
1.

8
2

2.
2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

28



Q
7,

R

e 0

� 7

●
∆R

1

q 0

� 7a
nd

∆R
2

q 0

� 7Ξ
π

f

Z`W
aT O
T QZW
ZO

V WZ
a

ARO
V W

CP L
CT Q
Z

Y
T ]X
Z

ZOO
P O

V R
bZ
UZOR
Y
T WRY
Z

[
C[

[H^
c LN

c N L\
K G

J LK
Jc N

FI L
GJG
[\ Z
FI
c

J
V R
S[
I L
^^K
NH Z
FI
JI
LK

G\IH
Z FI
^I
L[\

\G
K Z FI
K
[ LK
NH^

^
ST QQ
T
I L
G[III
Z FI
J
hi j
kl m j
l

K
Q[

[ LN
^J[
I L
^[I
J\ Z
FI
^I
LJ

Jc [
^ Z FI
N
F[[ L
H\
G

N
T I

I L
Jc \
c NZ dI
\
JH\
G LH

J LHH
\H

I L
c [I
cc Z
FI
c

\
T [

FI L
N^K
c J Z dI
\
[c I
[K L

J N L
JI
N

FI L
JI
^JJ
Z FI
c

c
T J

I L
[JJ
K \ Z dI
\
K I
NN\ L

c LG
Kcc
I L
JI
NI
c Z FI
H

H
T ^

I L
J[^\
J Z dI
\
^^[H
H L

[[ LH
H^
I L
G NJ
c NZ
FIH

G
CJ

G Lc I
[^

K ^ L
^KK

[ LNI
GH

I L
c JJH
G Z FI
c

[I

V R
SJ
I L
HIII
H Z
FI
JI
L[

[GH
^ Z FI
JI
LJ

K III
Z FI
^
FI L
K ^I
K G Z
FI
^

[[
QJ

[ LH\
JI

I L
[GGH
c Z FI
JI
LK II

II
Z FI
^I
Lc

J^G\
Z FI
^

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

29



Q
8

S
V

T
pr

ot
on

Q
sa

m
pl

e
co

m
po

si
tio

n
by

T
T

T
tr

ac
k

co
nfi

gu
ra

tio
n

(o
ne

,t
w

o
...

)

A
re

qu
ire

pr
ot

on
S

V
T

m
at

c
h xi

_p
i_

2
E

nt
rie

s 
 7

79
1

M
ea

n 
 

 2
.0

67
3

R
M

S
   

 0
.3

93
1

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

2.
6

2.
8

01020304050607080

xi
_p

i_
2

E
nt

rie
s 

 7
79

1

M
ea

n 
 

 2
.0

67
3

R
M

S
   

 0
.3

93
1

xi
- 

pi
+ 

(a
nd

 c
.c

)
xi

_p
i_

5
E

nt
rie

s 
 6

95
5

M
ea

n 
 

 2
.1

02
0

R
M

S
   

 0
.3

81
4

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

2.
6

2.
8

0510152025303540

xi
_p

i_
5

E
nt

rie
s 

 6
95

5

M
ea

n 
 

 2
.1

02
0

R
M

S
   

 0
.3

81
4

xi
- 

pi
 (

an
d 

c.
c.

)

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

30



Q
9

S
V

T
pr

ot
on

Q
H

o
w

th
e

sp
ec

tr
a

lo
ok

lik
e

w
ith

r d 0

� Ξ

�rts

0

� 01
5

A
:

]2
[G

eV
/c

1.
4

1.
6

1.
8

2.
0

2.
2

2.
4

2.
6

2.
8

2
N / 5 MeV/c

051015202530

)|>
0.

01
5

Ξ
|d

0(

)+ π Ξ
M

(
]2

[G
eV

/c
1.

4
1.

6
1.

8
2.

0
2.

2
2.

4
2.

6
2.

8
2

N / 5 MeV/c
024681012141618202224

)|>
0.

01
5

Ξ
|d

0(

)- π Ξ
M

(
Ξ0 c

be
co

m
es

vi
si

b
le

...

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

31



M
C

St
ud

ie
s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

32



M
C

sa
m

pl
es

☛
w

e
ha

ve
4

sa
m

pl
es

g
en

er
at

ed
w

ith

uv w
x y
xz
x{
| fo

r
di

ff
er

en
t

m
as

se
s

15
30

,1
69

6,
18

62
,2

02
7M

eV
/c

2

☛
us

in
g

co
rr

ec
t

al
ig

nm
en

t
ta

b
le

al
l

th
e

w
id

th
s

w
en

t
do

w
n

an
d

lo
ok

go
od

no
w

☛
pr

es
en

t
co

m
pr

is
on

of
M

C
/d

at
to

sh
o

w
th

at
w

e
ca

n
tr

us
t

M
C

☛
m

as
s

pl
ot

s
fit

w
ith

th
e

fu
nc

tio
n:

F

� N�
� 1

1

� r� G
au

ss

� m

� M 0
� σ 1

� �
r

1

� r� G
au

ss

� m

� M 0

� σ 2

��

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

33



Λ
re

so
lu

tio
n

la
m

1_
d0

E
nt

rie
s 

 6
12

33
86

M
ea

n 
 

 1
.1

19
8

R
M

S
   

 0
.0

12
5

 / 
nd

f 
2 χ

 8
19

0.
70

36
 / 

11
2

P
ro

b 
 

 0
.0

00
0

E
nt

rie
s 

 
 2

65
4.

88
75

±
 1

88
69

46
.2

50
0 

bi
nw

id
th

 
 0

.0
00

0
±

 0
.0

00
5 

si
gm

a1
   

 0
.0

00
0

±
 0

.0
01

3 

p3
   

   
 

 0
.0

06
7

±
 0

.7
56

5 

si
gm

a2
   

 0
.0

00
0

±
 0

.0
03

9 
M

as
s1

   
 

 0
.0

00
0

±
 1

.1
15

6 

p6
   

   
 

 2
33

.0
87

5
±

 1
36

35
2.

87
50

 

p7
   

   
 

 0
.0

38
2

±
 1

1.
40

71
 

p8
   

   
 

 2
.9

38
3

±
 -

24
1.

41
71

 

]2
[G

eV
/c

1.
09

1.
10

1.
11

1.
12

1.
13

1.
14

2
N / 0.5 MeV/c

0
20

0

40
0

60
0

80
0

10
00

12
00

14
00

16
00

18
00

20
00

22
00

2
x1

0
la

m
1_

d0
E

nt
rie

s 
 6

12
33

86
M

ea
n 

 
 1

.1
19

8
R

M
S

   
 0

.0
12

5

 / 
nd

f 
2 χ

 8
19

0.
70

36
 / 

11
2

P
ro

b 
 

 0
.0

00
0

E
nt

rie
s 

 
 2

65
4.

88
75

±
 1

88
69

46
.2

50
0 

bi
nw

id
th

 
 0

.0
00

0
±

 0
.0

00
5 

si
gm

a1
   

 0
.0

00
0

±
 0

.0
01

3 

p3
   

   
 

 0
.0

06
7

±
 0

.7
56

5 

si
gm

a2
   

 0
.0

00
0

±
 0

.0
03

9 
M

as
s1

   
 

 0
.0

00
0

±
 1

.1
15

6 

p6
   

   
 

 2
33

.0
87

5
±

 1
36

35
2.

87
50

 

p7
   

   
 

 0
.0

38
2

±
 1

1.
40

71
 

p8
   

   
 

 2
.9

38
3

±
 -

24
1.

41
71

 

 T
T

T
 d

at
a

Λ
in

cl
us

iv
e 

) π
M

(p

la
m

1
E

nt
rie

s 
 1

94
56

66
M

ea
n 

 
 1

.1
22

0
R

M
S

   
 0

.0
11

0
U

nd
er

flo
w

 
 5

24
.0

00
0

O
ve

rf
lo

w
  

 4
47

13
7.

00
00

 / 
nd

f 
2 χ

 2
87

3.
27

76
 / 

52
P

ro
b 

 
 0

.0
00

0
E

nt
rie

s 
 

 1
20

1.
50

22
±

 8
32

10
3.

37
50

 
bi

nw
id

th
 

 0
.0

00
0

±
 0

.0
01

0 
si

gm
a1

   
 0

.0
00

0
±

 0
.0

01
5 

p3
   

   
 

 0
.0

10
1

±
 0

.6
90

0 
si

gm
a2

   
 0

.0
00

0
±

 0
.0

04
1 

M
as

s1
   

 
 0

.0
00

0
±

 1
.1

15
5 

p6
   

   
 

 1
40

.7
73

9
±

 4
14

45
.5

85
9 

p7
   

   
 

 0
.2

03
5

±
 5

4.
79

11
 

p8
   

   
 

 8
.2

21
0

±
 7

46
.2

24
7 

]2
[G

eV
/c

1.
09

1.
10

1.
11

1.
12

1.
13

1.
14

2
N / 1 MeV/c

0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

2
x1

0
la

m
1

E
nt

rie
s 

 1
94

56
66

M
ea

n 
 

 1
.1

22
0

R
M

S
   

 0
.0

11
0

U
nd

er
flo

w
 

 5
24

.0
00

0
O

ve
rf

lo
w

  
 4

47
13

7.
00

00
 / 

nd
f 

2 χ
 2

87
3.

27
76

 / 
52

P
ro

b 
 

 0
.0

00
0

E
nt

rie
s 

 
 1

20
1.

50
22

±
 8

32
10

3.
37

50
 

bi
nw

id
th

 
 0

.0
00

0
±

 0
.0

01
0 

si
gm

a1
   

 0
.0

00
0

±
 0

.0
01

5 
p3

   
   

 
 0

.0
10

1
±

 0
.6

90
0 

si
gm

a2
   

 0
.0

00
0

±
 0

.0
04

1 
M

as
s1

   
 

 0
.0

00
0

±
 1

.1
15

5 
p6

   
   

 
 1

40
.7

73
9

±
 4

14
45

.5
85

9 
p7

   
   

 
 0

.2
03

5
±

 5
4.

79
11

 
p8

   
   

 
 8

.2
21

0
±

 7
46

.2
24

7 

πΞ
→

(1
53

0)
Ξ

M
C

 

)π
M

(p
T

T
T

da
ta

,
σ 1

� 1�

3
M

eV

p c2 ,
σ 2

� 3�

9
M

eV

p c2

�( }
.�~.-
.�+

σ 1

� 1�

5
M

eV

p c2 ,
σ 2

� 4�

1
M

eV

p c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

34



Λ
re

so
lu

tio
n

(C
on

t)

[G
eV

/c
]

0
2

4
6

8
10

1 σ 0.
00

05

0.
00

10

0.
00

15

0.
00

20

0.
00

25

0.
00

30
)

Λ(
T

 v
s 

p
1σ

π Ξ 
→

(1
53

0)
Ξ

M
C

 

Λ
T

T
T

 in
cl

us
iv

e 

)
Λ(

T
p

[G
eV

/c
]

0
2

4
6

8
10

2 σ

0.
00

0

0.
00

1

0.
00

2

0.
00

3

0.
00

4

0.
00

5

0.
00

6

)
Λ(

T
 v

s 
p

1σ

π Ξ 
→

(1
53

0)
Ξ

M
C

 

Λ
T

T
T

 in
cl

us
iv

e )
Λ(

T
p

[G
eV

/c
]

0
2

4
6

8
10

ratio

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4ra

tio
 b

et
w

ee
n 

tw
o 

G
au

ss
ia

ns

Λ
T

T
T

 in
cl

us
iv

e 

πΞ
→

(1
53

0)
Ξ

M
C

 

)
Λ(

T
p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

35



Ξ
re

so
lu

tio
n

la
m

bd
a_

pi
E

nt
rie

s 
 6

14
21

M
ea

n 
 

 1
.3

21
1

R
M

S
   

 0
.0

20
8

 / 
nd

f 
2 χ

 1
43

.1
13

1 
/ 7

2
P

ro
b 

 
 0

.0
00

0
n1

   
   

 
 2

95
.9

82
3

±
 3

52
33

.5
43

0 
bi

nw
id

th
 

 0
.0

00
0

±
 0

.0
01

0 
si

gm
a1

   
 0

.0
00

2
±

 0
.0

05
7 

ra
tio

   
 

 0
.1

03
4

±
 1

.3
05

9 
si

gm
a2

   
 0

.0
00

1
±

 0
.0

02
1 

M
as

s1
   

 
 0

.0
00

0
±

 1
.3

20
7 

p6
   

   
 

 6
.2

17
0

±
 2

87
.9

14
2 

p7
   

   
 

 0
.2

45
9

±
 -

1.
84

31
 

p8
   

   
 

 1
5.

90
19

±
 -

28
1.

51
91

 

]2
[G

eV
/c

1.
24

1.
26

1.
28

1.
30

1.
32

1.
34

1.
36

1.
38

1.
40

2
 N / 1 MeV/c

0

50
0

10
00

15
00

20
00

25
00

30
00

35
00

40
00

45
00

la
m

bd
a_

pi
E

nt
rie

s 
 6

14
21

M
ea

n 
 

 1
.3

21
1

R
M

S
   

 0
.0

20
8

 / 
nd

f 
2 χ

 1
43

.1
13

1 
/ 7

2
P

ro
b 

 
 0

.0
00

0
n1

   
   

 
 2

95
.9

82
3

±
 3

52
33

.5
43

0 
bi

nw
id

th
 

 0
.0

00
0

±
 0

.0
01

0 
si

gm
a1

   
 0

.0
00

2
±

 0
.0

05
7 

ra
tio

   
 

 0
.1

03
4

±
 1

.3
05

9 
si

gm
a2

   
 0

.0
00

1
±

 0
.0

02
1 

M
as

s1
   

 
 0

.0
00

0
±

 1
.3

20
7 

p6
   

   
 

 6
.2

17
0

±
 2

87
.9

14
2 

p7
   

   
 

 0
.2

45
9

±
 -

1.
84

31
 

p8
   

   
 

 1
5.

90
19

±
 -

28
1.

51
91

 

Ξ
T

T
T

 in
cl

us
iv

e 

) π
Λ

M
(

la
m

bd
a_

pi
E

nt
rie

s 
 2

12
44

5
M

ea
n 

 
 1

.3
20

8
R

M
S

   
 0

.0
05

6
 / 

nd
f 

2 χ
 1

08
6.

82
15

 / 
34

P
ro

b 
 

 0
.0

00
0

n1
   

   
 

 4
86

.5
52

5
±

 2
01

29
2.

32
81

 
bi

nw
id

th
 

 0
.0

00
0

±
 0

.0
01

0 
si

gm
a1

   
 0

.0
00

0
±

 0
.0

05
2 

ra
tio

   
 

 0
.0

18
4

±
 0

.8
86

3 
si

gm
a2

   
 0

.0
00

0
±

 0
.0

01
8 

M
as

s1
   

 
 0

.0
00

0
±

 1
.3

20
6 

p6
   

   
 

 5
.1

47
7

±
 1

81
.7

65
4 

]2
[G

eV
/c

1.
24

1.
26

1.
28

1.
30

1.
32

1.
34

1.
36

1.
38

1.
40

2
 N / 1 MeV/c

0

50
00

10
00

0

15
00

0

20
00

0

25
00

0

30
00

0

la
m

bd
a_

pi
E

nt
rie

s 
 2

12
44

5
M

ea
n 

 
 1

.3
20

8
R

M
S

   
 0

.0
05

6
 / 

nd
f 

2 χ
 1

08
6.

82
15

 / 
34

P
ro

b 
 

 0
.0

00
0

n1
   

   
 

 4
86

.5
52

5
±

 2
01

29
2.

32
81

 
bi

nw
id

th
 

 0
.0

00
0

±
 0

.0
01

0 
si

gm
a1

   
 0

.0
00

0
±

 0
.0

05
2 

ra
tio

   
 

 0
.0

18
4

±
 0

.8
86

3 
si

gm
a2

   
 0

.0
00

0
±

 0
.0

01
8 

M
as

s1
   

 
 0

.0
00

0
±

 1
.3

20
6 

p6
   

   
 

 5
.1

47
7

±
 1

81
.7

65
4 

πΞ
→

(1
53

0)
Ξ

M
C

 

) π
Λ

M
(

T
T

T
da

ta
,

σ 1

�� 5

� 7

� 0

� 2� M
eV

� c2 ,
σ 2

�� 2

� 1

� 0

� 1� M
eV

� c2

�� ��
��

��
��

σ 1

� 5�

2
M

eV

� c2 ,
σ 2

� 1�

8
M

eV

� c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

36



Ξ
re

so
lu

tio
n

(C
on

t)

[G
eV

/c
]

0
2

4
6

8
10

12

1 σ 0.
00

05

0.
00

10

0.
00

15

0.
00

20

0.
00

25

0.
00

30

)Ξ(
T

 v
s 

p
1σ

)Ξ(
T

p

πΞ 
→

(1
53

0)
Ξ

M
C

 

Ξ
T

T
T

 in
cl

us
iv

e 

[G
eV

/c
]

0
2

4
6

8
10

12

2 σ

0.
00

0

0.
00

1

0.
00

2

0.
00

3

0.
00

4

0.
00

5

0.
00

6

0.
00

7

0.
00

8

0.
00

9

)Ξ(
T

 v
s 

p
2σ

)Ξ(
T

p

π� Ξ 
→

(1
53

0)
Ξ

M
C

 

Ξ
T

T
T

 in
cl

us
iv

e 

�

[G
eV

/c
]

0
2

4
6

8
10

12

ratio

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4ra

tio
 b

et
w

ee
n 

tw
o 

G
au

ss
ia

ns

π Ξ 
→

(1
53

0)
Ξ

M
C

 

Ξ
T

T
T

 in
cl

us
iv

e 

)Ξ(
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

37



Ξ

� 15
30

� re
so

lu
tio

n

[G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20

N / 0.5 GeV/c

0

10
00

20
00

30
00

40
00

 a
nd

 T
T

T
 d

at
a

πΞ
→

(1
53

0)
Ξ

M
C

 

(1
53

0)
)

Ξ(
T

p

M
on

te
 C

ar
lo T

T
T

 d
at

a

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

38



Ξ

� 15
30

� re
so

lu
tio

n

 / 
nd

f 
2 χ

 6
.8

50
34

e+
06

 / 
81

P
ro

b 
 

   
   

  0

n1
   

   
 

  1
44

.5
23

±�

  2
07

25
.8

 

bi
nw

id
th

 
   

   
  0

±
   

0.
00

05
 

si
gm

a1
   

 8
.5

00
11

e-
05

±
 0

.0
03

71
12

3 

ra
tio

   
 

 0
.0

33
11

75
±

 0
.4

20
75

2 

si
gm

a2
   

 2
.5

38
85

e-
05

±
 0

.0
01

52
06

8 

M
as

s1
   

 
 1

.4
10

77
e-

05
±

  1
.5

31
27

 

p6
   

   
 

 0
.1

43
94

3
±

   
1.

14
31

 

]2
[G

eV
/c

1.
50

1.
51

1.
52

1.
53

1.
54

1.
55

1.
56

2
N / 0.5 MeV/c

0

50
0

10
00

15
00

20
00

 / 
nd

f 
2 χ

 6
.8

50
34

e+
06

 / 
81

P
ro

b 
 

   
   

  0

n1
   

   
 

  1
44

.5
23

±�

  2
07

25
.8

 

bi
nw

id
th

 
   

   
  0

±
   

0.
00

05
 

si
gm

a1
   

 8
.5

00
11

e-
05

±
 0

.0
03

71
12

3 

ra
tio

   
 

 0
.0

33
11

75
±

 0
.4

20
75

2 

si
gm

a2
   

 2
.5

38
85

e-
05

±
 0

.0
01

52
06

8 

M
as

s1
   

 
 1

.4
10

77
e-

05
±

  1
.5

31
27

 

p6
   

   
 

 0
.1

43
94

3
±

   
1.

14
31

 

T
 w

ei
gh

te
d 

p
πΞ

→
(1

53
0)

Ξ
M

C
 

)+ π Ξ
M

(

�� ��
��

��
�� σ 1

� 1�

5
M

eV

� c2 ,σ
2

� 3�
7

M
eV

� c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

39



Ξ

� 15
30

� re
so

lu
tio

n

[G
eV

/c
]

0
2

4
6

8
10

12

1 σ 0.
00

00

0.
00

05

0.
00

10

0.
00

15si
gm

a1

(1
53

0)
)

Ξ(
T

p
[G

eV
/c

]
0

2
4

6
8

10
12

2 σ

0.
00

0

0.
00

1

0.
00

2

0.
00

3

0.
00

4

0.
00

5si
gm

a2

(1
53

0)
)

Ξ(
T

p

[G
eV

/c
]

0
2

4
6

8
10

12

ratio

012345678ra
tio

(1
53

0)
)

Ξ(
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

40



Ξ

� 16
96

� re
so

lu
tio

n

xi
_p

i_
0

E
nt

rie
s 

 1
93

82

M
ea

n 
 

 1
.6

96
6

R
M

S
   

 0
.0

05
4

 / 
nd

f 
2 χ

 3
.3

35
46

e+
07

 / 
13

6

P
ro

b 
 

   
   

  0
n1

   
   

 
  1

39
.3

16
±

  1
92

00
.2

 
bi

nw
id

th
 

   
   

  0
±

   
0.

00
05

 

si
gm

a1
   

 0
.0

00
16

10
39

±
 0

.0
06

48
16

3 
ra

tio
   

 
 0

.0
51

46
74

±
 0

.5
25

91
5 

si
gm

a2
   

 6
.0

66
65

e-
05

±
 0

.0
02

81
95

 

M
as

s1
   

 
 2

.8
05

39
e-

05
±

   
1.

69
65

 

p6
   

   
 

 0
.0

95
73

02
±

 0
.7

88
94

9 

]2
[G

eV
/c

1.
60

1.
62

1.
64

1.
66

1.
68

1.
70

1.
72

1.
74

1.
76

1.
78

1.
80

2
N / 0.5 MeV/c

0

20
0

40
0

60
0

80
0

10
00

12
00

xi
_p

i_
0

E
nt

rie
s 

 1
93

82

M
ea

n 
 

 1
.6

96
6

R
M

S
   

 0
.0

05
4

 / 
nd

f 
2 χ

 3
.3

35
46

e+
07

 / 
13

6

P
ro

b 
 

   
   

  0
n1

   
   

 
  1

39
.3

16
±

  1
92

00
.2

 
bi

nw
id

th
 

   
   

  0
±

   
0.

00
05

 

si
gm

a1
   

 0
.0

00
16

10
39

±
 0

.0
06

48
16

3 
ra

tio
   

 
 0

.0
51

46
74

±
 0

.5
25

91
5 

si
gm

a2
   

 6
.0

66
65

e-
05

±
 0

.0
02

81
95

 

M
as

s1
   

 
 2

.8
05

39
e-

05
±

   
1.

69
65

 

p6
   

   
 

 0
.0

95
73

02
±

 0
.7

88
94

9 

T
 w

ei
gh

te
d 

p
πΞ

→
(1

69
6)

Ξ
M

C
 

)+ π Ξ
M

(

�� ��
��

��
�� σ 1

� 2�

8
M

eV

� c2 ,σ
2

� 6�
4

M
eV

� c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

41



Ξ

� 18
62

� re
so

lu
tio

n

xi
_p

i_
0

E
nt

rie
s 

 1
58

81

M
ea

n 
 

 1
.8

62
0

R
M

S
   

 0
.0

07
0

 / 
nd

f 
2 χ

 8
.3

69
75

e+
07

 / 
34

3

P
ro

b 
 

   
   

  0
n1

   
   

 
  1

26
.2

38
±

   
 1

57
16

 
bi

nw
id

th
 

   
   

  0
±

   
0.

00
02

 

si
gm

a1
   

 7
.5

68
84

e-
05

±
 0

.0
03

85
42

8 
ra

tio
   

 
 0

.1
56

63
9

±�
  1

.9
39

95
 

si
gm

a2
   

 0
.0

00
21

96
42

±
 0

.0
09

55
24

8 

M
as

s1
   

 
 4

.2
86

45
e-

05
±

  1
.8

61
84

 

p6
   

   
 

 0
.0

31
50

53
±

 0
.2

28
41

1 

]2
[G

eV
/c

1.
80

1.
82

1.
84

1.
86

1.
88

1.
90

1.
92

2
 N / 0.2 MeV/c

05010
0

15
0

20
0

25
0

30
0

xi
_p

i_
0

E
nt

rie
s 

 1
58

81

M
ea

n 
 

 1
.8

62
0

R
M

S
   

 0
.0

07
0

 / 
nd

f 
2 χ

 8
.3

69
75

e+
07

 / 
34

3

P
ro

b 
 

   
   

  0
n1

   
   

 
  1

26
.2

38
±

   
 1

57
16

 
bi

nw
id

th
 

   
   

  0
±

   
0.

00
02

 

si
gm

a1
   

 7
.5

68
84

e-
05

±
 0

.0
03

85
42

8 
ra

tio
   

 
 0

.1
56

63
9

±�
  1

.9
39

95
 

si
gm

a2
   

 0
.0

00
21

96
42

±
 0

.0
09

55
24

8 

M
as

s1
   

 
 4

.2
86

45
e-

05
±

  1
.8

61
84

 

p6
   

   
 

 0
.0

31
50

53
±

 0
.2

28
41

1 

 w
ei

gh
te

d
T

 pπΞ
→

(1
86

2)
Ξ

M
C

 

)+ π Ξ
M

(

�� ��
��

��
�� σ 1

� 3�

8
M

eV

� c2 ,σ
2

� 9�
6

M
eV

� c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

42



S
um

m
ar

y

]2
) 

   
   

   
   

   
   

   
 [G

eV
/c

+ πΞ
M

(
1.

5
1.

6
1.

7
1.

8
1.

9
2.

0

1 σ

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0G
ra

ph

]2
) 

   
   

   
   

   
  [

G
eV

/c
+ πΞ

M
(

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2 σ

345678910G
ra

ph

]2
) 

   
   

   
   

   
  [

G
eV

/c
+ πΞ

M
(

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2 σ

345678910

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

43



R
el

at
iv

e
E

ffi
ci

en
c

y

 / 
nd

f 
2 χ

  1
0.

19
06

 / 
24

P
ro

b 
 

 0
.9

93
71

5

p0
   

   
 

 0
.0

30
17

77
±

 0
.9

26
50

6 

p1
   

   
 

 0
.0

05
37

63
3

±
 0

.0
03

72
84

6 [G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20

N / 0.5 Gev/c

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

 / 
nd

f 
2 χ

  1
0.

19
06

 / 
24

P
ro

b 
 

 0
.9

93
71

5

p0
   

   
 

 0
.0

30
17

77
±

 0
.9

26
50

6 

p1
   

   
 

 0
.0

05
37

63
3

±
 0

.0
03

72
84

6 

(1
53

0)
Ξ

(1
69

6)
/

Ξ

(P
Q

)
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

44



R
el

at
iv

e
E

ffi
ci

en
c

y

 / 
nd

f 
2 χ

  9
.9

76
63

 / 
24

P
ro

b 
 

 0
.9

94
64

3

p0
   

   
 

 0
.0

29
53

5
±

 0
.7

89
77

3 

p1
   

   
 

 0
.0

05
33

89
±

 0
.0

20
10

24
 [G

eV
/c

]
0

2
4

6
8

10
12

14
16

18
20

N / 0.5 Gev/c

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

 / 
nd

f 
2 χ

  9
.9

76
63

 / 
24

P
ro

b 
 

 0
.9

94
64

3

p0
   

   
 

 0
.0

29
53

5
±

 0
.7

89
77

3 

p1
   

   
 

 0
.0

05
33

89
±

 0
.0

20
10

24
 

(1
53

0)
Ξ

(1
86

2)
/

Ξ

(P
Q

)
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

45



R
el

at
iv

e
E

ffi
ci

en
c

y

 / 
nd

f 
2 χ

  1
1.

58
28

 / 
23

P
ro

b 
 

 0
.9

76
41

6

p0
   

   
 

 0
.0

29
08

35
±

 0
.7

26
61

6 

p1
   

   
 

 0
.0

05
28

21
5

±
 0

.0
22

01
65

 [G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20

N / 0.5 Gev/c

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

 / 
nd

f 
2 χ

  1
1.

58
28

 / 
23

P
ro

b 
 

 0
.9

76
41

6

p0
   

   
 

 0
.0

29
08

35
±

 0
.7

26
61

6 

p1
   

   
 

 0
.0

05
28

21
5

±
 0

.0
22

01
65

 

(1
53

0)
Ξ

(2
02

7)
/

Ξ

(P
Q

)
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

46



L
on

g
H

ia
tu

s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

47



F
in

al
iz

in
g

N
um

be
rs

R
em

in
de

r

☛
W

id
th

☛
F

it
pr

oc
ed

ur
e

☛
R

el
at

iv
e

E
ffi

ci
en

ci
es

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

48



W
id

th
R

em
in

de
r

�� ���
�����
���
�

��� �
��
  �� ¡

¢ �
� �£
¢ ��
� �
���
  �¡
���
�� ¤¤
¢

�¥�
� �
� �
� ¤

�¡
� �
¦ �¥§ �
�¦ ¨

¢ ��
� ��
  © ��

��
�� �
�
� ���
ª�
�� £�
� ��

�
ª�
«� �
� ��
���

¢ ��
«

���
¢ �

�� �
�� ��

�� ¤£�

��
�� �

¢ �
¬�

¡���
�� ��
��

�
��

�§§
� �¦

­� �­��

¦ �¨�
¦��

¦ ��§
��¥
�
�¦­

�

¢ �
 �

¦ �®�
­��
�
�¦�

¦ �¨¦§�
¨�
�¦®
¦ ���
­¦¥ �
�¦¥
¦ ���¥
¨®

®
 � ��
�

¦ ��
�¦
¦¦ �
�¦�

¯° ±
²³ ´ ±
³

¥
��

� �¨®
�­

¦ �®¦¦ ¨§
�
�¦®
¦ ��
®��
¦ �
�¦¥
�¦ �§�
¨�
� �
�¦�

¨

�¦

¦ ��
¨�
­� �
µ¦�

®®¦
¦ ��

��
�®¦�

¦ ��¥
­��
�
�¦­

�

��

�¦ �¥
­­ ¨� �
µ¦�
�
¦§�
­ �

¥�
��

­¥

¦ ��¥�
�§ �
�¦§

­
��

¦ �®§�
®� �
µ¦�
¥�¥
�¥
�

�
­ ����

¦ ��¥
¦®� �
�¦­

§

�®

�­¦¥§
® �

¥
¦ ¨­
� �

�¦
¦ ���

�¦ �®���
� �
�¦§

�

��

¨�
����

¨¦
��¥

�

�
�¦®®

®

�¦ �¥��
­� �
�¦¥

�¦
¢ �
 �

¦ �§
¦¥
¦� �
�¦�

¦ ����
¨¨�
�¦�

¦ ���¥
�� �
�¦®
� ���
¦¦

��
��

� �§��
�

¦ ���
­¦® �
�¦�

¦ ��¦
® ¨� �
�¦�

¦ �­§
¦��

w
ith

fix
ed

Γ
th

e
σ

¶� 3
· 3

¸ 0

· 5

� M
eV

¹ c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

49



H
ig

he
r

m
as

s
st

at
e

xi
_p

i_
2

E
nt

rie
s 

 4
66

7
M

ea
n 

 
 2

.4
47

9
R

M
S

   
 0

.1
63

7
U

nd
er

flo
w

 
 0

.0
00

0
O

ve
rf

lo
w

  
 2

41
.0

00
0

In
te

gr
al

 
 1

51
5.

00
00

 / 
nd

f 
2 χ

  4
8.

97
29

 / 
54

P
ro

b 
 

 0
.6

68
18

4
E

nt
rie

s 
 

  1
7.

95
57

±
  1

22
.7

86
 

bi
nw

id
th

 
   

   
  0

±
   

  0
.0

1 
si

gm
a 

   
 0

.0
01

94
27

3
±

 0
.0

12
29

01
 

M
as

s 
   

 
 0

.0
01

92
07

5
±º

  2
.4

69
43

 
p4

   
   

 
   

1.
01

03
±º

   
 2

2.
15

 
p5

   
   

 
  4

.2
54

02
±

 -
45

.1
14

5 
p6

   
   

 
  2

4.
21

71
±º

  5
2.

27
35

 

2.
2

2.
3

2.
4

2.
5

2.
6

2.
7

2.
8

0102030405060

xi
_p

i_
2

E
nt

rie
s 

 4
66

7
M

ea
n 

 
 2

.4
47

9
R

M
S

   
 0

.1
63

7
U

nd
er

flo
w

 
 0

.0
00

0
O

ve
rf

lo
w

  
 2

41
.0

00
0

In
te

gr
al

 
 1

51
5.

00
00

 / 
nd

f 
2 χ

  4
8.

97
29

 / 
54

P
ro

b 
 

 0
.6

68
18

4
E

nt
rie

s 
 

  1
7.

95
57

±
  1

22
.7

86
 

bi
nw

id
th

 
   

   
  0

±
   

  0
.0

1 
si

gm
a 

   
 0

.0
01

94
27

3
±

 0
.0

12
29

01
 

M
as

s 
   

 
 0

.0
01

92
07

5
±º

  2
.4

69
43

 
p4

   
   

 
   

1.
01

03
±º

   
 2

2.
15

 
p5

   
   

 
  4

.2
54

02
±

 -
45

.1
14

5 
p6

   
   

 
  2

4.
21

71
±º

  5
2.

27
35

 

xi
- 

pi
+ 

(a
nd

 c
.c

)

Ξ0 c
re

so
lu

tio
n

is

� 12
· 3

¸ 1

· 9

� M
eV

¹ c2

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

50



W
id

th
s

)+ πΞ
M

(
16

00
18

00
20

00
22

00
24

00
)+ πΞ

M
(

16
00

18
00

20
00

22
00

24
00

Mσ

2468101214S
ig

m
a 

vs
 m

as
s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

51



Ξ

� 15
30

� fit
s

C
om

m
en

t
M

as
sM

eV
/c

2
nu

m
be

ro
fe

ve
nt

s

Γ
co

ns
tr

ai
ne

d(
sq

rt
th

r)
15

31

� 7

� 0

� 3
18

57
� 3

� 74

� 6
Γ

co
ns

tr
ai

ne
d(

ex
p

th
r)

15
31

� 7

� 0

� 3
18

43
� 8

� 79

� 3
Γ

fix
ed

,
15

31

� 7
� 0
� 3

18
76

� 3

� 79

� 3
Γ

co
ns

tr
at

ed
(C

T
V

M
F

T
er

r)
15

31

� 5
� 0
� 3

18
30

� 3

� 9

� 5

N

� Ξ

� 15
30

��
� 18

43
� 9

� 79

� 3

� 30

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

52



F
in

al
P

lo
ts

]2
[G

eV
/c

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2
N / 5 MeV/c

0

20
0

40
0

60
0

80
0

)+ π  Ξ
 M

(

/n
df

=1
25

.4
6/

13
9=

0.
90

 P
ro

b=
0.

79

»

2 χ

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

]2
[G

eV
/c

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2
N / 5 MeV/c

0

20
0

40
0

60
0

80
0

)- π  Ξ
 M

(

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

P
ro

je
ct

io
n

of
m

ax
im

um
lik

el
ih

oo
d

fit

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

53



U
nc

or
re

ct
ed

(y
et

)
R

el
at

iv
e

Ye
ild

s

]2
[G

eV
/c

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1 ]2

[G
eV

/c
1.

6
1.

7
1.

8
1.

9
2.

0
2.

1

relative yield [%]

0510

)+ πΞ
 M

(

-1
L~

24
0p

b

2
=1

7 
M

eV
/c

Γ
2

= 
0 

M
eV

/c
Γ

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

54



U
nc

or
re

ct
ed

(y
et

)
R

el
at

iv
e

Ye
ild

s

Γ

¶ 0
σ

� Ξ

� 18
60

���¼

B
R

� Ξ

� 18
60

�¾½

Ξπ

¿ �

σ

� Ξ

� 15
30

��

� 2
� 3¼

6
� 9%
� 4�

6%

Γ

¶ 1
7

σ

� Ξ

� 18
60

���¼

B
R

� Ξ

� 18
60

�¾½
Ξπ

¿ �
σ

� Ξ

� 15
30

��

� 2

� 3¼

8

� 3%

� 5�

5%

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

55



2
G

au
ss

ia
ns

]2
[G

eV
/c

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2
N / 5 MeV/c

0

20
0

40
0

60
0

80
0

)+ π Ξ
 M

(

/n
df

=1
26

.5
4/

13
9=

0.
91

 P
ro

b=
0.

77
2 χ

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

56



2
G

au
ss

ia
ns

ÀÁ ÂEÃ
ÄÅÅÆÇ
Ç
È ÉËÊ

ÀÌÍ Î
ÎÏ
Ð ÌÑ Ò
Ó ÔÑ ÔÕ
Ó Ã
ÁÍ ÂÖ
×ÌÐ
×Ò
ØÙ Ú
ÁÑ ÛÛ
Ó
Å ØÇÇ
ÔÍ Ô
Ñ Û

×ÒÎ Ã
Ú Ê
ØÇ
× ÄÚ
Ù
Ó ÔÌ
Ñ Ô×
Ð Ü ÃÇ

×ÌÌ
Í ÌÎ
Ñ ÔÌÏ
ÝÑ
ÁÁ ÕÌ
Ñ Ô×

×ÝÔ
ÞÑ Ì
Ñ Î×Ô
×Ì

Ó Ô×
Þ

ÀÏÌ
Ó Ô

ÂÍ Ê
ÂÑ Î
×

Ö
Ñ ÛÕ
×

×ÌÌ
Í Ì

Ó Ï
ß×
Ò×ÌÏ
Ö
Ñ ÔÏÖ
×

Å
ÂÅ

ÅàáÆ Ê
Ç

È Æ ÊÆ
È Ú

á
Ù Êá
ÉÆ

ÄÚ Ê
Ù ÇÆ
ÆÆ
× ÄÚ
Ù

Ç

Ó Ï
ÐÅ

Ú Ê
ÅÈ ÚÚ
Ú ×
ÄÚÇ

âãåä
æç

á

ÐÑ ÎÎ
Ñ
Ú Êà
ÅÚÅ
Ø× ÄÚÇ
Ú Ê
ÙÙ à
ÈÙ ×
ÄÚá
Ú ÊÇ
ÚÆ
Ù Ç
× ÄÚá

Åá Ê
Øà Ø

Ù
ÎÅ

Å Ê
Øá
ÅÈ

Ú ÊÇ
ÉàÆá
× ÄÚá
Ú Ê
Å ØÈ ÚÇ
× ÄÚá
Æ Ê
ØØØá

Ø
ÞèÌ

Ú Ê
ØØÆÆ
È

Ú Ê
È áÚÇ
Ç
× ÄÚÇ
Ú Ê
ÅÆ Øà
Ú ×
ÄÚÇ
ÄÚ ÊÇá
ÅÇà

Æ
Ñ Ú

Ú Êá
ÅÆÚÆ
× éÚÆ
áÉÇ
Ç Ê
Ú

ÇÉ
Å Êá
È

ÄÚ Ê
ÅÚÉÆ
È × ÄÚ
Æ

È
Ñ Å

ÄÚ Ê
È ØÚáá
× éÚÆ
ÅÚÅ
ØÙ Ê

ØÙ Ú Ê
Æá

Ú Ê
Ù àÆ
È Æ ×
ÄÚÆ

à
Ñ Ç

Ú Êà
È ØàÆ
× éÚÆ
Å ØÉÚ
Å Ê

àÆ
Ø Êà
Ø

ÄÚ Ê
ÅÅá
Åà ×
ÄÚÆ

É
Ñ á

ÄÚ Êá
È Ç
Ù Å × é
ÚÆ
ÅÈÙ É
Æ Ê

ÅÇ
È Ø ÊÆ

Ú Ê
ÙÙ Æ
ÅÆ ×
ÄÚÈ

ÅÚ
Ó Ï
ÐÇ

Ú Êá
àÚÚ
Ú ×
ÄÚÇ

âãåä
æç

ÅÅ
ÌÑ ÔÏ
Í
Ú Ê
ÅÅÙ á
Æ

Ú ÊÇ
ØÅÈ á

Ú Ê
ÅÅÉÇ
à

Ú ÊÆ
ÙÙ áÉ
× ÄÚÇ

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

57



P
Y

T
H

IA
sp

ec
tr

a

☛
ol

d
ho

m
e

w
or

k
P

Y
T

H
IA

pp̄

ê bb̄

ê “P
Q

ëë X
15

30
,1

69
6,

18
62

ht
em

p
E

nt
rie

s 
 1

95
93

7

M
ea

n 
 

 2
.3

59
3

R
M

S
   

 1
.7

27
1

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

95
93

7.
00

00

0
10

20
30

40
50

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 1

95
93

7

M
ea

n 
 

 2
.3

59
3

R
M

S
   

 1
.7

27
1

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

95
93

7.
00

00

sq
rt

(p
x*

px
+p

y*
py

) 
{n

da
ug

==
4}

ht
em

p
E

nt
rie

s 
 2

01
35

2

M
ea

n 
 

 2
.3

97
3

R
M

S
   

 1
.7

17
7

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 2

01
35

2.
00

00

0
5

10
15

20
25

30
35

40
45

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 2

01
35

2

M
ea

n 
 

 2
.3

97
3

R
M

S
   

 1
.7

17
7

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 2

01
35

2.
00

00

sq
rt

(p
x*

px
+p

y*
py

) 
{n

da
ug

==
4}

ht
em

p
E

nt
rie

s 
 1

57
19

1

M
ea

n 
 

 2
.4

36
2

R
M

S
   

 1
.6

93
9

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

57
19

1.
00

00

0
5

10
15

20
25

30
35

40
45

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 1

57
19

1

M
ea

n 
 

 2
.4

36
2

R
M

S
   

 1
.6

93
9

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

57
19

1.
00

00

sq
rt

(p
x*

px
+p

y*
py

) 
{n

da
ug

==
4}

ht
em

p
E

nt
rie

s 
 1

95
93

7

M
ea

n 
 

 2
.0

14
7

R
M

S
   

 1
.4

93
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

95
93

7.
00

00

0
5

10
15

20
25

30
35

40
45

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 1

95
93

7

M
ea

n 
 

 2
.0

14
7

R
M

S
   

 1
.4

93
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

95
93

7.
00

00

sq
rt

(x
i_

px
*x

i_
px

+x
i_

py
*x

i_
py

) 
{n

da
ug

==
4}

ht
em

p
E

nt
rie

s 
 2

01
35

2

M
ea

n 
 

 1
.8

91
5

R
M

S
   

 1
.3

69
8

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 2

01
35

2.
00

00

0
5

10
15

20
25

30

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 2

01
35

2

M
ea

n 
 

 1
.8

91
5

R
M

S
   

 1
.3

69
8

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 2

01
35

2.
00

00

sq
rt

(x
i_

px
*x

i_
px

+x
i_

py
*x

i_
py

) 
{n

da
ug

==
4}

ht
em

p
E

nt
rie

s 
 1

57
19

1

M
ea

n 
 

 1
.8

38
2

R
M

S
   

 1
.2

82
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

57
19

1.
00

00

0
5

10
15

20
25

30
35

11010
2

10
3

10
4

ht
em

p
E

nt
rie

s 
 1

57
19

1

M
ea

n 
 

 1
.8

38
2

R
M

S
   

 1
.2

82
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

57
19

1.
00

00

sq
rt

(x
i_

px
*x

i_
px

+x
i_

py
*x

i_
py

) 
{n

da
ug

==
4}

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

58



P
Y

T
H

IA
sp

ec
tr

a

☛
ol

d
ho

m
e

w
or

k
P

Y
T

H
IA

p p̄

ê b b̄

ê “P
Q

ëë X
15

30
re

co
ns

tr
uc

te
d

sp
ec

tr
a

pe
nt

a_
pt

_m
c

E
nt

rie
s 

 2
11

1

M
ea

n 
 

 4
.8

03
9

R
M

S
   

 1
.9

78
4

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

[G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20

N / 0.5 GeV/c

0.
00

0.
05

0.
10

0.
15

0.
20

pe
nt

a_
pt

_m
c

E
nt

rie
s 

 2
11

1

M
ea

n 
 

 4
.8

03
9

R
M

S
   

 1
.9

78
4

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

pe
nt

a_
pt

_m
c

(1
53

0)
)

Ξ(
T

p

(1
53

0)
 X

Ξ 
→ 

b
 b

→p
P

Y
T

H
IA

 p
(1

53
0)

 fr
om

 fr
ag

m
en

ta
tio

n
Ξ

T
T

T
 d

at
a

da
ta

E
nt

rie
s 

 6
5

M
ea

n 
 

 4
.6

08
3

R
M

S
   

 1
.8

87
8

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

[G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20
N / 0.5 GeV/c

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

da
ta

E
nt

rie
s 

 6
5

M
ea

n 
 

 4
.6

08
3

R
M

S
   

 1
.8

87
8

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

da
ta

pe
nt

a_
pt

_m
c

E
nt

rie
s 

 5
02

M
ea

n 
 

 6
.3

82
7

R
M

S
   

 2
.6

91
5

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

da
ta

E
nt

rie
s 

 6
5

M
ea

n 
 

 4
.6

08
3

R
M

S
   

 1
.8

87
8

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

(1
53

0)
)

Ξ(
T

p

(1
53

0)
X

Ξ 
→ b

 b
→

p
P

Y
T

H
IA

 p

T
T

T
 d

at
a

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

59



P
Y

T
H

IA
sp

ec
tr

a
☛

re
co

ns
tr

uc
te

d
sp

ec
tr

a

[G
eV

/c
]

0
2

4
6

8
10

12
14

16
18

20

N / 0.5 GeV/c

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

pe
nt

a_
pt

_m
c

E
nt

rie
s 

 2
11

1

M
ea

n 
 

 4
.8

03
9

R
M

S
   

 1
.9

78
4

U
nd

er
flo

w
  

0.
00

00

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

.0
00

0

pe
nt

a_
pt

_m
c

15
30

16
96

18
62

(P
Q

)
T

p

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

60



E
ffi

ci
en

ci
es

Ξ

ì 51
30

í
ì 0

î 11
5

ï 0

î 00
3

í %
1.

Ξ

ì 16
96

í
ì 0

î 12
7

ï 0

î 00
3

í %
1

î 10

ï 0

î 04
Ξ

ì 18
62

í
ì 0

î 14
0

ï 0

î 00
3

í %
1

î 22

ï 0

î 04
Ξ

ì 20
27

í m
is

si
ng

m
is

si
ng

]2
[G

eV
/c

1.
50

1.
55

1.
60

1.
65

1.
70

1.
75

1.
80

1.
85

]2
[G

eV
/c

1.
50

1.
55

1.
60

1.
65

1.
70

1.
75

1.
80

1.
85

Relative Efficiency

1.
00

1.
05

1.
10

1.
15

1.
20

1.
25

re
la

tiv
e 

ef
fic

ie
nc

t v
s 

 m
as

s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

61



F
it

R
es

id
ua

ls
g

E
nt

rie
s 

 3
21

M
ea

n 
 

 -
0.

04
68

R
M

S
   

 0
.9

77
6

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 3

21
.0

00
0

 / 
nd

f 
2

χ
  2

4.
77

21
 / 

24

P
ro

b 
 

 0
.4

18
22

7

C
on

st
an

t 
  1

.8
10

04
±

  2
4.

58
12

 

M
ea

n 
   

 
 0

.0
59

15
66

±
 -

0.
03

02
65

5 

S
ig

m
a 

   
 0

.0
45

96
59

±
  0

.9
66

91
 

-1
0

-8
-6

-4
-2

0
2

4
6

8
10

05101520253035

g
E

nt
rie

s 
 3

21

M
ea

n 
 

 -
0.

04
68

R
M

S
   

 0
.9

77
6

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 3

21
.0

00
0

 / 
nd

f 
2

χ
  2

4.
77

21
 / 

24

P
ro

b 
 

 0
.4

18
22

7

C
on

st
an

t 
  1

.8
10

04
±

  2
4.

58
12

 

M
ea

n 
   

 
 0

.0
59

15
66

±
 -

0.
03

02
65

5 

S
ig

m
a 

   
 0

.0
45

96
59

±
  0

.9
66

91
 

g
m

E
nt

rie
s 

 3
21

M
ea

n 
 

 -
0.

04
51

R
M

S
   

 0
.9

80
2

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 3

21
.0

00
0

 / 
nd

f 
2ð χñ

  2
3.

48
48

 / 
23

P
ro

b 
 

 0
.4

32
77

9

C
on

st
an

t 
   

1.
79

16
±

   
 2

5.
27

 

M
ea

n 
   

 
 0

.0
56

97
6

±
 -

0.
02

98
41

2 

S
ig

m
a 

   ò

 0
.0

41
30

92
±

 0
.9

48
13

5 

-1
0

-8
-6

-4
-2

0
2

4
6

8
10

05101520253035

m

E
nt

rie
s 

 3
21

M
ea

n 
 

 -
0.

04
51

R
M

S
   

 0
.9

80
2

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 3

21
.0

00
0

 / 
nd

f 
2ð χñ

  2
3.

48
48

 / 
23

P
ro

b 
 

 0
.4

32
77

9

C
on

st
an

t 
   

1.
79

16
±

   
 2

5.
27

 

M
ea

n 
   

 
 0

.0
56

97
6

±
 -

0.
02

98
41

2 

S
ig

m
a 

   ò

 0
.0

41
30

92
±

 0
.9

48
13

5 

m

fix
ed

si
gm

a

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

62



F
it

R
es

id
ua

ls
w

E
nt

rie
s 

 1
61

9

M
ea

n 
 

 0
.0

09
3

R
M

S
   

 0
.8

92
9

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

61
9.

00
00

 / 
nd

f 
2

χ
  3

0.
35

59
 / 

29

P
ro

b 
 

 0
.3

96
39

6

C
on

st
an

t 
  4

.4
76

44
±

  1
44

.6
07

 

M
ea

n 
   

 
 0

.0
22

19
67

±
 0

.0
04

87
93

4 

S
ig

m
a 

   
 0

.0
16

02
92

±
  0

.8
77

18
 

-1
0

-8
-6

-4
-2

0
2

4
6

8
10

02040608010
0

12
0

14
0

w

E
nt

rie
s 

 1
61

9

M
ea

n 
 

 0
.0

09
3

R
M

S
   

 0
.8

92
9

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

61
9.

00
00

 / 
nd

f 
2

χ
  3

0.
35

59
 / 

29

P
ro

b 
 

 0
.3

96
39

6

C
on

st
an

t 
  4

.4
76

44
±

  1
44

.6
07

 

M
ea

n 
   

 
 0

.0
22

19
67

±
 0

.0
04

87
93

4 

S
ig

m
a 

   
 0

.0
16

02
92

±
  0

.8
77

18
 

w
m

E
nt

rie
s 

 1
61

9

M
ea

n 
 

 0
.0

15
9

R
M

S
   

 0
.9

75
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

61
9.

00
00

 / 
nd

f 
2

χ
  4

8.
05

18
 / 

27

P
ro

b 
 

 0
.0

07
57

66
4

C
on

st
an

t 
  4

.0
85

76
±

  1
30

.2
62

 

M
ea

n 
   

 
 0

.0
24

81
8

±ó

 0
.0

37
14

07
 

S
ig

m
a 

   
 0

.0
18

63
96

±
 0

.9
66

21
6 

-1
0

-8
-6

-4
-2

0
2

4
6

8
10

02040608010
0

12
0

14
0

m

E
nt

rie
s 

 1
61

9

M
ea

n 
 

 0
.0

15
9

R
M

S
   

 0
.9

75
5

U
nd

er
flo

w
 

 0
.0

00
0

O
ve

rf
lo

w
  

 0
.0

00
0

In
te

gr
al

 
 1

61
9.

00
00

 / 
nd

f 
2

χ
  4

8.
05

18
 / 

27

P
ro

b 
 

 0
.0

07
57

66
4

C
on

st
an

t 
  4

.0
85

76
±

  1
30

.2
62

 

M
ea

n 
   

 
 0

.0
24

81
8

±ó

 0
.0

37
14

07
 

S
ig

m
a 

   
 0

.0
18

63
96

±
 0

.9
66

21
6 

m

co
ns

tr
ai

ne
d

ga
m

m
a

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

63



To
y

M
C

ex
am

pl
e

]2
[G

eV
/c

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2
N / 5 MeV/c

0

50
0

10
00

)+ π Ξ
 M

(

/n
df

=1
66

.0
6/

13
9=

1.
19

 P
ro

b=
0.

06
2 χ

C
D

F
 R

un
 II

 P
re

lim
in

ar
y

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

64



S
ig

m
a

of
15

30

ôõ öE÷
øùùúû
üúûËý

ôþÿ �
�
�� þ

� �

� �
� �
�� ÷
õÿ ö
�	þ

� 	�

ü
 �
õ� ��
�

ü
�
�
ÿ �� �

	�
� ÷
� ý
ù� 	
ø��

� �þ
� �	
� � ÷û

	þþ
ÿ þ�
� �þ
��

� õõ
�þ� �	

	�
�

�� þ� �	
�	
þ

� �	
�

ô�þ
� �

öÿ ý
ö� �	

�� �
�	

	þþ
ÿ þ

� ��
	

�	
þ�
�� �
��	

ù
öù

û
�ù� ý
ü



ù ý
úû




üú ý
ü�


� ý
� ùú


 	
ø��

û

� �
�ù

� ý
üúù�

� 	
ø�û

� ý
�ù �

�� 	
ø�ü

� ýû
� �ù �	
ø�ü
ü ý
ù
�
ù

ü
�� ��

�

� ý
�
ù��
� 	
ø�û

��
��

� �
��

�

�
ù

ù ý
�üùú

� ý
ü��
� �	
ø�ü

� ý
ù ���
ü 	 ø
�ü
øù ýû
û

� �

�

��þ

� ý
��
ù�û

� ý

�
� ùü 	
ø�û

� ý
ùúú

� 
 	
ø�û

� ý
� 

ù
�

ú
� �

� ý
ü��


 ü 	
��ú
ü�û


 ý
�

û�
� ý
�


� ý




 �
ùü 	
ø�ú




� ù

ø� ý
ú

�


� 	
��ú
ù�ùû


 ý

�ü� ý
�ü

� ý


��úû
	
ø�ú




� û

� ý

 üü

�� 	
��ú
ù �



 ü ý


ú
ü ý


ü

� ý
ú �

üû 	
ø�ú

�

� ü

ø� ýû

 
û�

	
��ú
ù
�
�
 ý

ùû

 ü ý
�

� ý
� �üù�

	
ø�ú

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

65



S
ig

m
a

of
15

30

ôõ öE÷
øùùúû
üúûËý

ôþÿ �
�
�� þ

� �

� �
� �
�� ÷
õÿ ö
�	þ

� 	�

� ù�
õ� ��
�

� ùù
�
ÿ �� �

	�
� ÷
� ý
�ù 	
ø��

� �þ
� �	
� � ÷û

	þþ
ÿ þ�
� �þ
��

� õõ
�þ� �	

	�
�

�� þ� �	
�	
þ

� �	
�

ô�þ
� �

öÿ ý
ö� �	

�� �
�	

	þþ
ÿ þ

� ��
	

�	
þ�
�� �
��	

ù
öù

û
�ü� ý





� ý
ùû
�

üú ý
� ú


ø� ý

û�
úü 	
ø� �

û

� �
�ù

� ý
ü ��
ù �	
ø�û

� ý
�
 û

� 
 	
ø�ü

� ýû
��

� ú 	
ø�ü
ùûËý

� �


ü
�� ��

�

� ý
�
üüü

� 	
ø�û

� ý
�
 �û

 	
ø�ü

� ýû
��
�
 	
ø�ü
ù
 ý
� ùü

�

�
ù

ù ý
�üù




� ý
ü�ü

� � 	
ø�ü

� ý
ù ��ú
ü 	 ø
�ü
øùù ý
ùü


�

��þ

� ý
��

���

� ý

 ��
�� 	
ø�û

� ý
ùúú
�
 	
ø�û

� ý
úû
�

ü

ú
� �

� ý
ü�� û
ú 	

��ú
ü�üû ý



û�
� ý
�ü

ø� ý
ú


� û
� 	
ø�ú




� ù

ø� ý
ú



 �� 	
��ú
ù�ùû

 ý

�ü
 ý
�ú

� ý
ü��
ùü 	
ø�ú




� û

� ý

 ûú
� û 	

��ú
ù �



 ú ý


ú
ü ý

�

� ý
� üú

� 	
ø�ú

�

� ü

ø� ýû

 ü� û

	
��ú
ù
�
�
 ý

ùû

 ü ý
ü

� ý
ü�û
�ú 	
ø�ú

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

66



S
ig

m
a

Ξ

� 51
30

�

� 3

� 5

 0

� 6

�

M
eV

! c2

Ξ

� 16
96

�

� 5

� 0

 ?

� ?

�

M
eV

! c2

Ξ

� 18
62

�

� 6

� 5

 ?

� ?

�

M
eV

! c2

Ξ

� 20
27

�

� 8

� 1

 ?

� ?

�

M
eV

! c2

)+ πΞ
M

(
16

00
18

00
20

00
22

00
24

00
)+ πΞ

M
(

16
00

18
00

20
00

22
00

24
00

Mσ

2468101214S
ig

m
a 

vs
 m

as
s

N
ov

em
be

r1
,2

00
4

D
m

it
ry

L
it

vi
nt

se
v,

F
er

m
ila

b
C

D
/C

D
F

67


